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2. Inventor: 

3. Applicant: 

4. Agent: 



EL Display Device 

Nunomura, Keishi, Utsumi, Kazuaki 

Nippon Denki [NEC] 

Uchihara, Shin 



43. Date of Publication: 
2 1 .Application Number 
22. Application Date 



October 15, 1986 
Sho60-72160 
April5, 1985 



Details 



1. Title of Invention 

EL Display Device 

2. Area of Claims 

(1) EL device, where first display electrode, luminescence layer or combined layer of 
luminescence layer and more than one layer of insulator, and a transparent second 
display electrode are formed on ceramic substrate, is characterized by the fact that 
substrate contains internal circuitry including peer holes. Display electrode, 
mentioned above, has structure led outside on rear surface of ceramic substrate via 
internal circuitry, mentioned above. 

(2) EL device, where EL luminescence layer, or combined layer of EL luminescence layer 
and insulator layer, and transparent second display electrode layer are formed on multi- 
layer ceramic substrate, made of ceramic substrate, first display electrode and high 
dielectric ceramic layer, is characterized by the fact that substrate contains internal 
circuitry including peer holes. Display electrode, mentioned above, has structure led 
outside on rear surface of ceramic substrate via internal circuitry, mentioned above. 

3. Detail Explanation of Invention 
(Application Area of Invention) 

This invention relates to EL (electro-luminescence) display device, especially that with 
new structure, where luminescence display part and driving circuitry part can be 
combined into one body. 
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(Prior Art and Problems) 

So called, electro-luminescence, where light is emitted when high electrical voltage is 
applied to fluorescent material, such as ZnS:Mn, is being used as information display 
device terminal of dot matrix type. Cross section view of typical structure of alternate 
current driven, double insulator type, thin film EL device, which has superior 
luminescence brightness and good stability, is shown in Fig. 3 (SID 74, Digest of 
Technical Papers, p.84). It has multi-layer structure, composed of transparent first 
display electrode 32 of such material as ITO, first insulator layer 33, thin film 
luminescence layer 34, made of such fluorescent thin film of electro-luminescence 
material as ZnS:Mn or ZnS:TbF 3 , second insulator layer 35, and second display 
electrode 36, made of such thin film as Al. First and second insulator layers are made 
of transparent dielectric thin film of such material as Y2O3, AI2O3, Si 3 N 4 , Ta^Os, 
BaTiC-2. Such material contributes to stability of EL device behavior and to 
improvement of luminescence characteristics. In addition, it protects luminescence layer 
from contamination of harmful moisture or ions, and improves reliability of device by 
limiting current which flows through luminescence layer. With such device structure, 
section, which is bordered by transparent display electrode and rear electrode, emits 
light when voltage is applied. 

For example, rear electrode and transparent electrode are shaped as perpendicular 
stripes to each other when it is used as dot matrix display device. They are used as 
scanning electrode and data electrode. Area, defined by perpendicular stripes of both 
electrodes, will become each display pixel. Both electrodes are extended from center 
display area to edges of glass substrate, and electrode terminal 37 is formed. 

Driving circuitry is fabricated as external driving circuitry, to printed circuitry substrate 
or flexible circuitry substrate. It is connected to led-out electrode terminals of display 
panel. 

In such ordinary thin film EL display device, display panel and driving circuitry 
substrates are separate. Therefore, depending on the number of electrodes, high 
density, numerous connections are necessary. 

Contrary to liquid crystal display device, soldering connections of high reliability are 
required because of large current and voltage necessary to drive EL device. This is a 
factor for high cost. Further, having driving circuitry substrate behind display panel 
will loose property as thin film. Also, fairly long extension of electrode is needed for 
display panel, and there is defect that surface area of display device becomes larger 
compared with display area. 
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(Objective of Invention) 

Objective of invention is to achieve EL display device with new structure, where such 
defects of EL display device of prior art, as described above, are eliminated. 

(Structure of Invention) 

According to this invention, EL display device, which is characterized by the fact that 
first display electrode, EL luminescence layer, or combined layer of EL luminescence 
layer and insulator layer, and then transparent second display electrode are formed on 
ceramic substrate which includes internal circuitry including peer hole. It has a 
structure, where display electrode described above can be connected at rear side of 
ceramic substrate by internal circuitry of ceramic substrate, can be obtained. 

Also, EL display device, which is characterized by the fact that EL luminescence layer 
or combined layer of EL luminescence layer and insulator layer, then transparent second 
display electrode are formed on multi-layer ceramic substrate of first display electrode 
and ceramic layer of high dielectric constant,. It has structure, where multi-layer 
ceramic substrate contains internal circuitry with peer hole, and display electrode, 
described above, can be connected to rear side of multi-layer ceramic substrate. 

Also, EL display device, where EL display section and driving circuitry section are 
combined as one body, can be obtained. In order to display on rear side of ceramic 
substrate, driving circuitry such as IC, is formed, and this driving circuitry is connected 
to display electrode via internal circuitry of ceramic substrate. 

(Embodiment ... 1) 

Simplest application example of EL device of this invention is shown in Fig. 2. 
Sintered substrate was made as follows: conductive wire, leading to peer hole, was 
imbedded in thin alumina ceramic substrate 21 to form inside circuitry 22, and rear 
electrode 23, which was connected to external circuitry, was screen printed on, then it 
was sintered. ITO film was formed by sputtering on substrate. First display electrode 
24 was formed by etching this film into stripes. On this, Ta 2 0 3 was formed by r.f. 
sputtering method to make first insulator layer 25. After ZnS:Mn film was formed as 
luminescence layer 26, second insulator layer of A1 2 0 3 thin film was formed by 
sputtering. Then, transparent second display electrode was shaped, by lift-off method, 
into stripes in perpendicular direction to first display electrode 24. First and second 
display electrodes are exposed to rear side of ceramic substrate via inside circuitry 22, 
as shown in Fig. 2. 

In other words, EL display device of this application was thin film EL device formed on 
ceramic substrate containing internal circuitry, instead of on usual thin film El device 
made on glass substrate. Display will be viewed from second display electrode side, 
contrary to that of glass substrate. Therefore, first display electrode does not have to 
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be transparent but second electrode must be transparent. Dark color is preferred for 
ceramic substrate for better display contrast, and alumina board with added impurity 
was used. 

Sintered ceramic substrate was used without polishing. Therefore, surface has fair 
amount of roughness but there was no problem as EL panel. 

Metal film may be used for first display electrode, but first display electrode was also 
made transparent in order to reduce display contrast in this embodiment, since reflection 
on rough surface will appear as white. 

(Embodiment ... 2) 

Second embodiment of this invention is shown in Fig. 1. EL display device of this 
embodiment was for dot matrix display, and there were two sections in structure; multi- 
layer ceramic structure and thin film structure. Multi-layer ceramic section was made 
of ceramic substrate 11, internal electrode 12, lead-out electrode 13, display electrode 
14, and first insulator layer 15. They were manufactured by green sheet method. 
Major raw materials for ceramic substrate section were alumina and boro-silicate lead 
glass powder, and compound perovskite containing lead was major raw material for first 
insulator layer. Perovskite was mixed with binder to make slurry and green sheet was 
made by casting. 

After peer hole was made, required electrode pattern was made by screen printing. 
These green sheets were laid together, edges were trimmed, adhered together under 
pressure, and were sintered. Display electrode 14 was made of stripes of 0.35 mm 
wide with pitch of 0.5 mm. In this embodiment, this became scanning side electrode 
of dot matrix display device. Rear electrode 13 had such pattern that circuitry parts, 
such as IC's, for driving can be placed on, and it was connected to internal electrode 12. 

To make multi-layer ceramic body, low temperature sintering ceramic material was 
used, and inexpensive Ag-Pd alloy paste with little Pd content was used as conductive 
material. Sintering temperature was 1000 °C. Although it is simplified drawing is 
shown in figures, ceramic substrate 1 1 was made of 3 green sheets of approximately 0.3 
mm thick. First insulator layer was approximately 0.03 mm thick, and its relative 
dielectric constant was approximately 10,000. 

On this multi-layer ceramic substrate, ZnS luminescence layer 16, containing 
approximately 1 mol % Mn, was vacuum vapour deposited to thickness of 0.4 (am. 
Then, second insulator layer 17, made of Ta-Al-0 complex oxides, was formed by 
sputtering. 

Then, ITO transparent electrode 18, which was to become data side electrode, was 
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formed in stripes perpendicular to those of display electrode 14. This transparent 
electrode is also connected to rear side lead-out wire from internal electrode. Ceramic 
substrate was also equipped with high voltage resistant IC 19, which is bonded to 
electrode lead terminal, to drive EL display device. 



(Merit of Invention) 

As demonstrated by embodiments, in EL display device, of this invention, which EL 
display parts and electrode terminal leads are placed on both sides of ceramic substrate, 
driving circuitry was unified together so that there was no problem of connecting 
external driving circuitry. Because of this, it was possible to make effective display 
area larger, with respect to device area, and device was thinner. Ceramic substrate 
containing internal circuitry was achieved by multi-layer ceramic technique using green 
sheets method. First insulator layer of high dielectric ceramic layer can easily be made 
using similar manufacturing process. Such EL display device showed good stability 
against insulator breakdown, low driving voltage, and high brightness luminescence. 

Also, this device has advantages that segment display or fixed pattern display of 
complicated pattern could be made easily because ceramic substrate containing internal 
circuitry is used. There is no need to lay down many pieces of wire horizontally. 

EL luminescence section of this invention does not have to be thin film, and it may be 
of, so called, dispersion type EL luminescence part using fluorescent powder material. 

Display device described here can generally be manufactured less expensively than EL 
device of prior art, which uses glass substrate and external separate driving circuitry. 
Industrial value of the invention is great. 



4, Brief Explanation of Figures 

Figures 1 and 2 are perspective and cross section views of EL display device structure 
of second and first parts of invention, respectively. 

Figure 3 is cross section view of EL display device structure of prior art. 



21,31 ... ceramic substrate, 

12, 22 ... internally wired electrode, 

13,23 ... rear surface electrode, 

14, 24, 32 . . . first display electrode, 

25, 33 . . . first insulator layer, 

15 ... high dielectric ceramic first insulator layer, 

1 6, 26, 34 . . . luminescence layer, 

17, 27, 35 ... second insulator layer, 
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1 8, 28, 36 . . . second display electrode, 
19... IC for driving device, 

37 . . . terminal lead of electrode. 
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